Objective: To examine the trend in stillbirth rates adjusted for the trends in the maternal risk profile, and to use local data to estimate the stillbirth recurrence risk.
Introduction
The death of a baby, either before or after its birth is a devastating thing for a family, and can have long term consequences for those involved. In NSW, the perinatal death rate (stillbirths and deaths within 28 days of birth) is around 9 per 1000 of which 70% of these are stillbirths.
1 Advances in treatment of preterm infants, and an associated increase in preterm deliveries have seen a decline in the overall perinatal death rate in many countries, 2 however the decline in the rate of neonatal deaths has been faster than in stillbirths. 3, 4 Since the nineties, there has been little progress made towards reduction of the stillbirth rate across many higher income countries, including Australia, 3, 5, 6 New Zealand, 7 United
States, 8 Italy 9 and the United Kingdom. 10 It is significant that over the same period the nature of the maternity population has been changing, with increasing numbers of women having risk factors for stillbirth including advanced age, comorbid conditions, and use of artificial reproductive technologies. 11, 12 However, at the same time, other risk factors, including maternal smoking 13 and teenage mothers, 14 have been decreasing. The unadjusted stillbirth rates typically reported do not take such changes in risk factors into account. This raises the possibility that alterations in risk factor profile of the maternal population disguise progress made in the prevention of stillbirths. 15, 16 We used reported risk factors for stillbirth to compare the predicted and actual stillbirth rates in NSW between 2001 and 2009, to determine if changing maternal characteristics accounted for the apparent lack of progress in preventing stillbirth. We also used linked data to determine the recurrence risk for stillbirth.
Methods
The study population included all singleton births in NSW between 2001 and 2009, but was limited to births of gestational age ≥22 weeks or birthweight ≥500g after investigation showed that there had been an increase in reporting of stillbirths of 20-21 weeks/400-499g birthweight since 2005, coinciding with a change in reporting requirements. 17 Pregnancy terminations did not change over time and were excluded. and Australian Classification of Health Interventions (ACHI). Additional data on fact of death for stillbirths were obtained from the NSW Perinatal Death Review (PDR) database. These data are collected from confidential reviews carried out by the NSW Maternal and Perinatal Committee, which reviews stillbirths and neonatal deaths of at least 22 weeks gestation or 500 grams birth weight (or at least 20 weeks gestation or 400 grams birth weight if born after 2005). 17 Probabilistic linkage was undertaken by the Centre for Health Record Linkage (CHeReL), and de-identified data were provided to the researchers with a linkage key enabling linkage of all records belonging to a mother and her infant. All three datasets were used to identify possible stillbirths using an algorithm, described elsewhere, for the best identification of stillbirths in population health datasets. 18 Potential risk factors highlighted in the literature were identified from maternal admissions during pregnancy and childbirth. These were sourced from the APDC or PDC (or both) depending on the reliability of reporting in each source based on validation studies. 19, 20 Due to differences in potential risk factors at early and late gestations, stillbirths were classified as occurring before 26 weeks gestation, between 26 and 33 weeks or at 34 weeks or later. These strata were selected on the basis of differing risk factors and pathophysiology. 4, 21, 22 Within each stillbirth group, the overall trend in stillbirth rates, and trends in risk factors were assessed using the Cochran
Armitage test for trend, and univariate odds ratios and 95% confidence intervals were calculated to determine the strength of the relationship between each risk factor and stillbirth. Three-year moving averages were calculated to minimize observed fluctuations due to the small number of stillbirths each year.
To determine whether observed stillbirth rates were higher or lower than would be expected given any changes in risk factors in the maternity population, we compared the observed stillbirth trend with predicted trends that account for population changes. If the predicted rates are close to the observed rates, it would suggest that the lack of change in stillbirth rates is explained by maternal risk factors. 23 Differences between the observed and predicted stillbirth probabilities were assessed using two-sided binomial tests. Using all births in 2001-2002, predictive models for stillbirth were developed for each of the three gestational age strata. Risk factors showing a significant relationship with stillbirth within this sample were progressively entered into each model until all risk factors significant at p<0.1 were included. Additional risk factors were included to maximize the predictive ability of the model (c statistic). For example, although there was no change in the proportion of fetuses with congenital anomalies or in the association with stillbirth, inclusion of anomalies in the models improved the model fit. The comparison group for stillbirths prior to 26 weeks was all births, for 26 to 33 weeks was all births at or after 26 weeks, and for stillbirths at or after 34 weeks, was all births after 34 weeks. This approach is referred to as 'fetuses at risk' analysis, and is best practice for presenting gestational age specific stillbirth rates, as it reflects the cumulative risk of stillbirth. 24, 25 Data from subsequent years were applied to the 3 regression equations to account for the actual changes in maternal factors over time and produce the predicted trends for 2001-2009. Births which had missing data on one or more risk factor were excluded from this analysis.
The stillbirth recurrence rate was calculated for women with a first and second singleton birth recorded.
All analysis was undertaken in SAS 9.3 (SAS Institute, USA). Ethical approval was obtained from the NSW Population and Health Services Research Ethics Committee. fetuses at risk). Complete risk factor information was available for 773,089 births (99.0%). Table 1 presents the unadjusted and adjusted odds ratios for stillbirths by gestational age group. It also flags the risks that changed over the study period.
Results

Between
Among risk factors for stillbirth before 26 weeks, the proportion of older mothers, Aboriginal women, those from lower socioeconomic backgrounds, women using artificial reproductive technology, with antepartum haemorrhage/abruption, and those with a previous preterm birth, or previous stillbirth increased (Table 1) Of the 145,437 women with information on their first and second sequential births, the rate of stillbirth was 6.0 per 1000 births for a first pregnancy, and 3.3 for a second pregnancy. For women with a stillbirth in their first pregnancy, the recurrence rate was 13 per 1000 (OR=4.3 95% CI (2.4,7.7)). 2)). In a second pregnancy the odds of recurrence for early stillbirth (<26 weeks) (OR 14.6 (95%CI(3.5,59.8)) and for stillbirth at or after 26 weeks was 4.7 (95% CI 2.3,9.4).
Discussion
We report no change in the stillbirth rate in NSW between 2001 and 2009. Over the same time period there have been changes in stillbirth risk factors. Births to women of higher risk groups increased including older mothers, lower socioeconomic status, obese, diabetic, women with previous stillbirths or preterm births, and infants conceived using ART, commonly reported risk factors for stillbirth. 10, [26] [27] [28] Conversely, there were contemporaneous decreases in other high risk groups including teenage mothers, smokers, infection, pregnancy hypertension and some chronic conditions, which are also known risk factors for stillbirth. 15, 28, 29 30 Accounting for such changes in maternal factors over time, the stillbirth rate was predicted to decrease across all three gestational groups considered. However amongst infants under 26 weeks gestation the stillbirth rate was significantly higher than expected, suggesting that changes in maternal characteristics cannot fully account for the lack of change in stillbirth rate at early gestation. We also found that a woman having a stillbirth in her first pregnancy was at increased risk of stillbirth in her second pregnancy.
The stillbirth rate in births before 26 weeks gestation was around 30 percent higher than expected based on the changes in the maternal population, and had increased 20 percent since 2001. This may be due to increased ascertainment and reporting of stillbirths at the edge of viability, however a lack of decline in stillbirths at early gestations has been reported elsewhere. In the United States, there was no change in the stillbirth rate for births prior to 28 weeks between 1990 and 2003, whereas the stillbirth rate from 28 weeks declined. 8 The largest declines in stillbirth rates in the US between 1995 and 2005 were seen in late preterm and term births. 31 In Canada, increases have been seen in stillbirths both prior to 22 weeks (not considered in our study) and between 22 and 27 weeks gestation, however the increase was seen among terminations of pregnancy, 32 which were excluded from both the US study and ours. This Canadian study also assessed the impact of the changing maternal population on trends in spontaneous stillbirth (excluding terminations), and found that the downwards trend observed was not considerably altered following adjustment for maternal factors.
The risk factors for stillbirth in our population were similar to those reported elsewhere. In a metaanalysis of potentially modifiable risk factors for stillbirth in high income countries, Flenady et al found that maternal overweight and obesity, advanced maternal age, primiparity, placental abruption and preexisting hypertension and diabetes to be the main potentially modifiable risk factors. 28 Of these, only chronic hypertension was not identified in our adjusted models, although it was significant in univariate models. Other risk factors identified in our study included small birthweight for gestation, 10 Differences in the relative importance of causes of stillbirths over different gestational ages have been noted elsewhere. 4, 10, 35 The Stillbirth Collaborative Research Network found the majority of stillbirths before 24 weeks gestation to be due to obstetric complications (such as placental abruption and preterm labour) and infections, compared with after 24 weeks where placental disorders were associated with a higher proportion of stillbirths. 4 We found risk factors differed across gestational age, reflecting different aetiology with fetal anomalies and infection associated with stillbirth at early gestation; anomalies, and APH across 26-33 weeks; vasa praevia, infection, and diabetes impacting on late stillbirths, and growth restriction being a strong predictor across all gestations. Growth restriction as a predictor of stillbirth was also reported by Gardosi, who found fetal growth restriction to be the strongest predictor of stillbirth across all gestations. 10 While many of the observed risk factors for stillbirth are potentially unavoidable, it has been suggested that a high proportion of stillbirths are attributable to factors amenable to change, 28 and that the large variation between stillbirth rates between high income countries gives scope for the reduction of stillbirth rates. 15 The New Zealand Perinatal and Maternal Mortality Review Committee estimated that as many 15% of stillbirths in that country were potentially avoidable. 7 Public health initiatives focusing on pre-pregnancy weight loss and reduction of smoking amongst women of reproductive age have been suggested as potential areas of focus in order to reduce stillbirths. 10, [36] [37] [38] Other risk factors which are increasing, such as older mothers, Aboriginal or overseas born women, history of preterm or stillbirth, diabetes, and APH, although termed 'modifiable' in some studies, 28 are not easily amenable to public health interventions. Early identification of these risk factors during antenatal visits, and careful management of these women through the course of their pregnancy offer the best strategy for reducing stillbirth associated with these factors. 15, 28, 33 Our study found lower risk of late stillbirth in women who had commenced antenatal care prior to 20 weeks gestation. Reduction in stillbirth through early identification and appropriate management of growth restricted fetuses has been identified as a potential benefit of regular antenatal care. 10, 39 The increased risk of stillbirth in a second pregnancy following a stillbirth in a first pregnancy is consistent with findings of other studies. 27, 40 The range of reported recurrence rates (8-37 per 1000) is consistent with the 13 per 1000 reported here. 41, 42 Women with a previous stillbirth may need additional support in subsequent pregnancies, although there is little evidence to guide the clinician in management of these women. 43 Interestingly, having had a previous stillbirth conferred the highest risk of a subsequent stillbirth at <26 weeks or 26-33 weeks compared to ≥34 weeks (Table 1) . When restricted to consecutive births, the overall odds of stillbirth in a second pregnancy was 4.1 for women with a previous stillbirth compared with women without a previous stillbirth, however for recurrent stillbirths at <26 weeks the OR was 13.6. A Norwegian study similarly demonstrated higher risks of early preterm stillbirth recurrence than term stillbirth recurrence. 40 Although based on small numbers, for women who have had an early stillbirth in a first pregnancy, are have progressed past 26 weeks uneventfully in their second pregnancy, this result is potentially reassuring.
This study used linked hospital and birth data for all births in NSW to determine the trends and risk factors for stillbirths. The size of the dataset enabled the identification of relevant risk factors, and to examine potential trends. Use of both hospital and birth data allowed for consideration of a range of medical conditions not routinely collected in the birth data alone. Longitudinal linkage of subsequent births to each woman allowed for consideration of pregnancy history, and for calculation of the stillbirth recurrence risk. Stillbirth reporting has been shown to be reliable over time, 44, 45 and identification of stillbirths from several datasets increased ascertainment. A limitation of administrative datasets for research purposes is the lack of clinical detail on causes for stillbirths, and data on some known risk factors were not available in the administrative data set. Obesity, and drug and alcohol use were collected from hospital data, but this would only be recorded if the risk factor contributed to a hospitalization at some stage during the pregnancy, and so represent the most severe cases. Other major risk factors are well reported in our data sources. 19, 45 This study examined trends in stillbirth over a limited time period, and while additional years of data would have been beneficial, the shorter time period allowed for maximising the available data, and thus improving the reliability of the models.
Conclusion:
Overall, stillbirth rates in NSW have failed to decrease in recent years. There is evidence at later gestations that in part this is due to the changing nature of the obstetric population. Indeed, stillbirth rates at or after 34 weeks are close to what would be expected given the risk profile of the obstetric population. However, the stillbirth rate at early gestation (under 26 weeks) has increased in a context where changes in maternal risk factors predict a decreasing rate. To reduce the stillbirth rate, interventions should be targeting maternal smoking and obesity, and the early identification and improved management of medical conditions such as hypertension and diabetes. 
